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THE KINETICS OF THE HIGH-TEMPERATURE HYDROLYSIS OF MAGNESIUM FLUORIDE. PART I: EVALUATION OF REACTION MECHANISM
A linear rate law was found, and it was concluded that the rater determining process was chemical reaction at the MgF 2 ·MgO interfa.ce~1.:.~;
A three-step reaction mechanism is proposed. The first step involves ' the chemisorption of water vapor as follows: k4
The third step, decomposition of the hydroxyfluoride complex to form products, can be written as k5
Mg( OH)F( c:) ~ MgO( c) + HF( g) ' ( 3 ) k6 .
With the assumptions that the c~emisorption step was in equilibrium and that the HF pressure was negligible, an expression was developed showing that the rate was proportional to the concentration of
.,__ It also may contribute to difficulties in hot pressing this material. 2
The purpose of this investigation was to obtain information concerning the mechanism of the hydrolysis process. The ultimate. objective was to express the mechanism in terms of elementary reaction steps, and to apply activated complex theory to the interpretation of the results. A preliminary investigation showed that the reaction took place at an 5 interface between the MgF 2 reactant and MgO product layer.
In .order to avoid complications resulting from changes in the surface area of the reactant, and from resistance in thick product layers, the reaction was carried out to only a small extent, involving total surface-area changes of were both located in a mullite protection tube that projected into the furnace tube as shown in Fig. 1 .
Experimental runs were made in a flowing argon-water-vapor atmosphere. Any desired portion of the argon stream could be saturated with water vapor through the system of valves and flowmeters illustrated in the figure. In order to avoid the necessity for heated input tubing, the saturator bottles were maintained at room temperature.
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III. EXPERIMENTAL PROCEDURE A. Equipment Calibration
Because the specimens were of uniform size, and weight-change measurements alone were needed, it was necessary to calibrate the helix .
for only a small range. Calibration was accomplished by adding a 20-mg weight to the loaded sample basket, and measuring the change in extension of the helix. In addition, the samples were weighed on an analytical balance before and after runs. By comparing this weight-loss value with that obtained with the helix, the calibration was rechecked on every run.
In the hottest part of the reaction chamber, the temperature was found to be constant to within ± 1 o G over a 4 -em length. The samples, whose maximum dimensions were about 1.6 em, were suspended in the center of the hot zone.
In order to determine. if the measured temperature corresponded to the sample temperatu;re, a Pt-Pt 90 Rh 10 thermocouple was projected 1\;
from the top of the furnace into the furnace tube, with its tip in the \ position where the sample normally hung. The temperature determined with this thermocouple was within a maximum deviation of 2 oc of that given by the measuring thermocouple at the four reaction test temperatures.
The saturator system was checked by collecting the output vapor in a mag·nesium perchlorate drying tube under known flow conditions.· The weight gain ,of the drying tube indicated that saturation was obtained.
t.
B. Specimen Preparation
Polycrystalline specimens were fabricated from hot-pressed MgF 2 disks, 5. Table I is a compilation of rate data from 32 runs at the four reaction test temperatures. Rates were obtained from plots of experimental weight loss by taking the slopes of the best straight lines that could be drawn through the experimental points. 4 Heterogeneous gas rea~tions are analogous to the reaction being considered and involve the following basic steps :3 1. Gas -phase transport of reactants to the surface.
2. Adsorption of reactants at the surface.
3. Chemical reaction at the surface.·, 4. Desorption of products from the surface.
5. Gas -phase transport of products into the bulk gas phase.
Further complications stem from the possibility that step 3. may involve several elementary reactions. In addition, one must consider solid-state diffusion and nucleation as possible rate-influencing processes in gas -solid reactions. The following is concerned with evaluation of th~ experimental results with the objective of determining which o£ these ;, processes may be rate controlling. Figure 2 indicates that the reaction takes place at a clearly defined interface between the MgF 2 and MgO. Thus, the over.-all reaction rate depends upon the interfacial area. In order to avoid corrections for surface area changes, the runs were carried out to an extent of reaction involving to~al area changes of only about two per cent. Therefo·re, for purposes of calculation, it was assumed that the surface area remained constant, and the original specimen surface area was used in normalizing J rate data ..
The linearity of the weight-loss vs time plots, under the experimental conditions employed, indicates that the reaction rate does not change with increasing product-layer thickness. A rate-controlling mechanism involving diffusion through a protective scale requires that the rate be inversely proportional to the scale thickness. 7 With the assumption of a constant pressure gradient, an inverse proportionality to product-layer thickness would also apply for a mechanism involving gaseous effusion through pores in the product layer. 8
Linear rate laws are usually pbtained for cases in which the ratio of specific volumes of product to reactant is less than one. 9 In this case the ratio is 0.5 7 for MgO and MgF 2 . Measurements on samples before and after reaction showed no dimensional changes. Since no productlayer shrinkage occurred, it would be expected that the product layer was highly porous. Figure 3 shows that the product layer consisted of fine particles sintered together, with numerous pores among them, thus supporting this conclusion. Evidently, the product layer was sufficiently porous to provide negligible resistance to the passage of gases.
The weight-loss results show no evidence of an induction period, indicating that nucleation must be rapid in the temperature range investi- 
The subscripts refer to the rates of the individual steps and R indicates the over-all reaction rate.
The MgF 2 surface available for reaction is only that part of the surfac'e not already covered by chemisorbed water molecules. Therefore, concentration of available MgF 2 is .... The curves in Fig. 5 resemble Langmuir-type adsorption isotherms·.
It seems reasonable to assume that such an isotherm is valid for the chemisorption process·. Therefore, we can write 3
where K = equil~brium constant for chemisorption. a Substituting these relationships·in (5}, we obtain ( 6 )I; .Equation ( 7) Table II summarizes the results of the determination of the constants.
The temperature dependence of the chemisorption equilibrium .-.. ,~ constant may be expressed as follows:
where <R = gas constant, D.. From thermodynamic considerations, it is likely that Reaction (2) should involve a positive entropy change. If it is assumed that this step is endothermic, 'the configuration of the activated complex would be expected to more closely resernble the configuration of the products than that of the reactants. On this-·basis., one would predict a positive entropy of activation rather than the negative value that was obtained. Therefore, it may have been more reasonable to consider the formation of chernisorbed HF rather than HF gas in the mechanism formulation. At any rate, because the assumption of low HF. concentration would have led to the same final rat~ expression, it was decided not to introduce the additi.onal complication o£ It was shown earlier that the assumptions ma<?-e in the derivation of the mechanism led to the conclusion that R = R 3 = R 5 , or In addition, infrared spectrographic measurements might establish more definitely the existence of a hydroxyfluoride-· complex, and perhaps other intermediate species. 
Saturator
.UCRL-11103 Rev. 1. 
